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The  Cr  deposition  reaction  is  investigated  between  the  Lao.9Sr0.iMn03  (LSM)  cathode  and  Fe-Cr  alloy 
interconnect  at  750  °C  for  solid  oxide  fuel  cell.  The  poison  effect  on  cathode  is  observed  by  a  group  of 
orthogonal  experiments  at  the  presence  of  Fe-Cr  alloy  involving  with  air  flow  and  current  passages. 
After  the  current  polarization,  the  cathode  layer  has  been  delaminated  from  the  electrolyte  (YSZ),  and 
the  Cr  deposition  reaction  is  accelerated  with  adding  air  partial  pressure.  When  the  LSM  cathode  has 
undergone  Cr  poison  for  3000  min  with  current  passage  of  400  mA  cm-2  and  air  flow  of  lOOmLmirr1, 
two  rapid  increase  stages  of  polarization  potential  ECathode  are  found,  which  can  be  reasonably  explained  by 
Cr  deposition  resulting  in  cathode  delaminated  from  the  electrolyte  layer.  Furthermore,  the  Cr  deposition 
ring  and  two  kinds  of  Cr-contain  agglomerates  are  observed  in  the  interface  of  LSM/YSZ,  which  indicates 
that  the  formation  of  Cr203  and  (Cr,Mn)304  oxides,  respectively.  This  suggests  that  the  deposition  of  Cr 
species  would  preferentially  occur  at  the  three  phase  boundary  region  and  the  trend  to  agglomeration  in 
long  time  operation. 

©  201 1  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Solid  oxide  fuel  cell  (SOFC)  has  been  generally  defined  as  a 
promising  alternate  energy  in  worldwide  owing  to  the  high  energy 
conversion  efficiency  and  low  pollution  emission.  Because  the 
operation  temperature  of  SOFC  has  been  reduced  from  1000°C 
to  600-800  °C,  some  metallic-type  interconnects  are  developed 
in  intermediate-temperature  SOFC  [1,2].  As  a  key  component  in 
SOFC,  the  metallic  interconnect  should  provide  excellent  oxidation 
resistance  and  electrical  conductivity  in  the  operating  atmosphere, 
and  good  compatibility  with  the  adjacent  components  [3-5].  Chro- 
mia  forming  alloys,  as  the  most  widely  developed  material  for 
metallic  interconnect  in  SOFC,  have  suitable  coefficient  of  thermal 
expansion  (CTE)  with  other  components  and  acceptable  oxidation 
resistance  in  high  temperature  [6-8].  However,  using  as  intercon¬ 
nect,  the  chromia  forming  alloys  have  an  essential  challenge  that 
the  volatile  Cr  species  such  as  Cr03  and  Cr(0H)202  will  gener¬ 
ate  from  chromium  oxide  scale  at  high  temperature  [9-11].  When 
the  gaseous  Cr  species  are  deposited  on  the  surface  of  electrode 
and  interface  of  cathode/electrolyte,  it  may  cause  rapid  cell  perfor¬ 
mance  degradation.  This  phenomenon  is  known  as  the  Cr  poisoning 
of  cathode  [12-16].  It  has  been  recognized  as  a  critical  challenge  in 
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degradation  of  stack  performance  if  chromia  forming  alloys  are  rec¬ 
ommended  as  the  candidate  materials  for  the  interconnect  [17-19]. 

Recent  researches  have  studied  the  interaction  between  the 
cathodes  and  metallic  interconnects  closely  to  make  efforts  on 
demonstrating  the  mechanism  and  kinetics  of  Cr  poisoning  cath¬ 
ode.  Jiang  has  investigated  the  02  reduction  reactions  on  Sr-doped 
LaMn03  (LSM)  cathodes  and  TZ3Y  electrolyte  which  suggested  that 
Cr  deposition  was  not  originated  from  electrochemical  reduction  of 
gas  Cr  species,  but  from  a  chemical  reaction  related  to  the  nucle- 
ation  reaction  between  the  nucleation  agent  and  the  gaseous  Cr 
species.  Specially,  the  nucleation  agent  of  the  LSM  cathode  is  the 
Mn  species  [20].  For  (La,  Sr)(Co,  Fe)03  (LSCF)  cathodes  system,  the 
Cr  deposition  in  the  LSCF/GDC  system  is  affected  by  the  Sr  species- 
enriched/segregated  [21].  Konycheva  et  al.  had  proposed  other 
viewpoints  on  which  indicating  the  mechanism  of  the  Cr  poisoning 
cathode.  They  studied  the  Cr  deposition  on  LSM  and  LSCF  cath¬ 
odes,  and  considered  that  the  presence  of  solid  chromium  oxide 
would  block  the  electrochemical  active  sites,  and  hence  induce  the 
decomposition  of  the  cathode  [12]. 

However,  the  cation  diffusion  in  the  LSM  cathode  will  decrease 
at  the  reduce  temperature,  so  the  Cr  deposition  mechanism  based 
on  Mn2+  migration  may  not  work  at  lower  temperature.  In  this 
paper,  the  phenomenon  of  Cr  poisoning  LSM  cathode  was  inves¬ 
tigated  at  750  °C  in  the  presence  of  a  chromia-forming  alloy 
interconnect,  and  the  mechanism  was  discussed  by  evaluating  the 
effect  of  air  flow  and  current  passage. 
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2.  Experimental  details 

2. 1 .  Sample  preparation 


passing  the  hole  on  interconnect.  On  two  sides  of  interconnect,  Pt 
leads  were  spot-welded  to  serve  as  the  voltage  and  current  probes. 

2.2.  Electrochemical  measurement  and  characterization 

The  half-cell/interconnect  system  was  placed  in  a  tube  furnace 
which  including  the  three-electrode  and  four-wire  structure.  Pt 
wires  were  conducted  to  collect  signal  of  current  and  other  electro¬ 
chemical  parameters.  The  sample  was  investigated  by  impedance 
without  current  and  air  flow  at  750  °C  as  a  referential  baseline  to 
compare  the  effect  of  the  air  flow  and  current  passage.  A  constant 
current  of  400  mA  cm-2  was  loaded  to  the  samples  for  1200  min, 
and  the  Electrochemical  Impedance  Spectroscopy  (EIS)  was  applied 
to  measure  electrochemical  polarization  and  resistance.  The  EIS 
measurement  was  carried  out  by  a  Solartron  1260  frequency 
response  analyzer  and  a  1287  electrochemical  interface  in  the  fre¬ 
quency  range  of  0.1  Hz  to  100  kHz  with  the  amplitude  of  10  mV. 
Electrode  ohmic  resistance  (Rq)  was  measured  from  the  high  fre¬ 
quency  intercept  [22],  and  the  electrode  polarization  resistance  ( RE ) 
was  directly  obtained  from  the  difference  between  the  high  fre¬ 
quency  and  the  low  frequency  intercepts  on  the  impedance  spectra. 
Furthermore,  the  overpotential  (p)  was  obtained  from  ECathode  and 
R{2  by  the  following  equation  [23]: 


The  Cr-containing  14wt.%  ferritic  stainless  steel  (Yuechang 
Ltd.,  China)  was  chosen  as  metallic  interconnects.  The  alloy  was 
machined  into  square  coupon  ( 1 2  mm  x  1 2  mm  x  4  mm  thick)  with 
channels  ( 1 .2  mm  x  1 .2  mm  deep),  and  small  holes  were  made  as  air 
entrances  in  the  middle  of  each  channel. 

The  La0.9Sr0.iMnO3  (LSM)  powder  was  prepared  by  citrate-gel 
method  that  acid  was  added  as  agent  with  mixing  LaN309-6H20, 
Sr(N03)2  and  Mn(N03)2  in  ethylene  glycol.  After  dried,  the  gel  was 
grinded  and  then  calcined  at  800  °C  for  2  h  to  obtain  LSM  powder.  A 
PANalytical  X’Pert  PRO  X-ray  diffraction  (XRD)  was  used  for  inden- 
tifying  phase  structure  with  Cu  Kai  radiation  (A  =  0.1 504  nm)  at 
room  temperature.  The  XRD  pattern  of  powder  has  showed  a  pure 
perovskite  structure  in  Fig.  1.  The  LSM  cathode  paste  was  applied 
on  YSZ  electrolyte  substrate  by  screen  printing  and  then  sintered 
at  1150°C  for  2h.  The  thickness  of  YSZ  pellet  was  about  1  mm 
with  20  mm  in  diameter,  and  the  cathode  area  on  the  electrolyte 
was  about  0.5  cm2.  The  Pt  paste  (Guiyan  Platinum  Ltd.,  China)  was 
painted  on  the  opposite  side  of  the  YSZ  electrolyte  pellet  as  the 
counter  electrode  and  reference  electrode  with  a  distance  of  4  mm 
between  them.  In  the  test  system  described  in  Fig.  2,  metallic  inter¬ 
connect  was  set  up  on  the  cathode,  and  a  Pt  mesh  between  them 
was  used  to  collect  current.  A  quartz  tube  on  top  of  interconnect 
was  severed  as  air  flow  path  so  that  air  could  fill  the  channel  by 


Air 


Pt  lead 


Pt  mesh 
Electrolyte 


RE 


Fig.  2.  Arrangement  of  the  test  system. 


^cathode  —  h  +  jRfi  ( 1 ) 

where;  is  the  current  density.  The  tests  with  prolonged  polarization 
time  1200  min  and  3000  min  were  respectively  studied  to  demon¬ 
strate  the  relationship  between  electrochemical  parameters  and 
time.  The  microstructure  of  the  surface  and  cross-sectional  of  cath¬ 
ode  and  electrolyte  were  characterized  by  using  a  FEI  Sirion  200 
field  emission  scanning  electron  microscope  (SEM)  with  energy 
dissipation  spectrum  (EDS)  attachment. 

3.  Results  and  discussion 

In  order  to  demonstrate  the  effect  of  Cr  poisoning  between 
the  LSM  cathode  and  the  Fe-14Cr%  interconnect  alloy,  a  group 
of  orthogonal  experiments  involving  current  passage  and  air  flow 
were  designed  as  shown  in  Table  1 .  First  of  all,  we  directly  perceived 
the  change  in  EIS  without  the  air  flow  and  current  passage.  Then, 
air  flow  of  1 00  mL  min-1  and  current  passage  of 400  mA  cm-2  were 
respectively  offered  to  the  cathode  side  to  compare  the  change  of 
EIS  parameters.  In  the  end,  both  of  air  flow  and  current  passage  were 
introduced  to  observe  Cr  deposition  and  the  effect  of  poisoning 
cathode. 

Fig.  3  shows  the  impedance  of  the  LSM  cathode  at  750  °C 
for  1200  min  in  the  presence  of  a  Fe-Cr  alloy.  Without  an  air 
flow,  the  polarization  resistance  (RE)  increased  from  28.4  £2  cm2 
to  42.7  £2  cm2  by  amplitude  of  50%  during  the  first  240  min,  and 
then  maintained  basically  stable.  When  the  LSM  cathode  was  fed 
with  air  flow  of  lOOmLmin-1,  the  impedance  arc  became  larger, 
which  indicated  that  the  RE  was  increased.  The  RE  increased  from 
54.7  £2  cm2  to  60.5  £2  cm2  by  amplitude  of  1 0.6%  in  the  first  240  min 
which  was  lower  than  that  without  air  flow.  The  Rq  for  both  sam¬ 
ples  have  a  slight  decreasing  trend,  which  is  most  likely  due  to 
improved  contact  between  the  cathode  and  the  electrolyte  [24].  The 


Table  1 

The  group  of  orthogonal  experiments. 


Condition 

In  open  air 

With  air  flow  of 
lOOmLmin-1 

Without  current 

© 

© 

With  current  of  400  mAcm-2 

© 

© 
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Fig.  3.  Initial  the  impedance  and  resistance  of  LSM  cathode  in  the  presence  of  Fe-Cr  alloy  as  a  function  of  time  at  750  °C  for  1200  min  in  open  air  (a  and  b)  and  with  air  flow 
of  lOOmLmirr1  (c  and  d). 


small  changes  of  the  RE  and  Rq  in  the  long  term  operation  implies 
that  no  obvious  effect  of  Cr  deposition  exists  in  the  situation. 

Fig.  4  shows  the  SEM  micrographs  of  the  Cr  deposition  on  dif¬ 
ferent  areas  of  cathode  in  presence  of  a  Fe-Cr  alloy  at  750  °C  for 
1200  min.  In  the  open  air,  the  cathode  surface  was  covered  with 
fine  particles,  and  it  was  also  found  on  the  surface  of  YSZ  near  the 
edge  of  cathode.  The  fine  particles  were  too  tiny  to  make  certain 
characterization.  According  to  the  further  growth  of  the  crystals  in 
the  later  work  of  this  paper,  the  deposition  particles  were  likely 
to  be  the  Cr-rich  phase  such  as  Cr203  as  reported  [20].  In  contrast, 
the  cathode  surface  was  covered  with  a  dense  layer  of  the  Cr  depo¬ 
sition  when  with  air  flow.  It  could  be  also  seen  that  large  grains 
on  the  YSZ  electrolyte  near  the  edge  of  LSM  cathode  distributed 
around  the  surface  of  electrolyte  in  the  shape  of  flake-like  with 
size  of  l-2fxm.  When  the  LSM  cathode  particles  were  removed 
from  the  electrolyte,  the  contact  rings  with  diameter  of  1-2  p,m  on 
the  surface  of  electrolyte  were  seen,  and  an  inconspicuous  layer  of 
deposit  could  be  confirmed  to  be  Cr-contained  oxide  phase  [25]. 
The  amount  of  Cr  deposition  would  be  significantly  increased  with 
air  flow  added,  because  the  chromium  vaporization  rate  of  Cr203(s) 
was  promoted  and  then  there  would  be  more  Cr-contained  gaseous 
species  supplied  to  the  cathode  [26]. 

The  initial  impedance  and  polarization  trends  of  LSM  cathode  in 
the  presence  of  Fe-Cr  alloy  were  different  from  the  long-term  polar¬ 
ization  with  current  passage.  Fig.  5  shows  the  initial  impedance 
and  polarization  responses  of  LSM  cathode  under  a  cathodic  cur¬ 
rent  of  400  mA cm-2  at  750  °C  in  open  air  (Fig.  5(a)  and  (b)),  and 


in  air  flow  of  lOOmLmin-1  (Fig.  5(c)  and  (d))  at  the  presence  of 
Fe-Cr  alloy.  In  contrast  with  those  in  the  open  circuit,  the  initial 
impedance  was  decreased  with  the  current  passage  due  to  the  pres¬ 
ence  of  Fe-Cr  alloy.  In  open  air,  the  Re  reduced  from  78.4  £2  cm2 
to  29.3  £2  cm2  by  62.6%  which  was  contrary  to  that  without  cur¬ 
rent  passage.  When  the  current  was  loaded  on  the  cathode,  the 
polarization  potential  (£Cathode)  rapidly  decreased  from  1.1  V  to  a 
relative  steady  value  of  0.9  V.  Because  of  the  slight  change  of  the 
Rq ,  and  the  overpotential  (rj)  was  directly  related  to  the  ECathode 
[21,27],  so  it  was  concluded  that  the  i)  was  reduced  from  0.47  V  to 
0.33  V  with  current  passage  for  240  min.  After  adding  air  flow  of 
lOOmLmin-1,  the  initial  impedance  spectrum  had  similar  trend, 
while  the  ECathode  and  r\  were  slightly  increased.  Because  the  RE,  r\ 
and  Fcathode  were  related  to  the  activation  and  02  reduction  of  the 
cathodic  current/polarization  on  the  initial  LSM  electrode  perfor¬ 
mance  [21,28],  the  electrochemical  activation  of  LSM  cathode  may 
be  improved  with  air  partial  pressure  added.  The  similar  results 
were  also  obtained  by  other  researchers  who  found  the  promoting 
effect  of  the  air  flow  on  Cr  deposition  [26]. 

When  the  initial  stage  of  cathode  polarization  had  completed, 
the  effect  of  Cr  poison  became  dominant  in  cathode  electrochem¬ 
ical  performance.  After  undergoing  from  the  current  passage  at 
400  mA cm-2  and  750  °C  for  1200  min,  the  continuous  increase  of 
Re,  Fcathode  and  ij  were  observed  as  shown  in  Fig.  6(a).  The  ECathode 
was  2.20  V  after  1 200  min,  which  was  several  times  higher  than  the 
initial  FCathode  °f  0.89  V.  The  r\  was  obtained  from  0.33  V  to  1.58  V 
while  the  Rq  remained  almost  constant.  Similarly,  the  RE  increased 
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Fig.  4.  SEM  micrographs  of  the  Cr  deposition  on  the  cathode  in  open  air  (a,  c,  e,  and  g)  and  with  air  flow  of  100  mLmin-1  (b,  d,  f,  and  h)  at  750  °C  for  1200  min:  (a  and  b)  LSM 
surface;  (c  and  d)  the  edge  of  cathode;  (e  and  f)  the  detail  of  the  edge  of  cathode;  (g  and  h)  the  surface  of  YSZ  under  cathode,  the  cathode  was  removed  by  HC1. 
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Fig.  5.  Initial  impedance  and  polarization  curves  of  LSM  cathode  in  the  presence  of  Fe-Cr  alloy  as  a  function  of  time  in  open  air  (a  and  b)  and  with  an  air  flow  of  100  mLmin-1 
(c  and  d)  at  750  °C  with  a  current  of  400  mAcirr2. 


from  29.3  £2  cm2  to  1 38.7  £2  cm2.  With  the  air  flow  of  1 00  mL  min-1 
on  the  cathode  side,  the  polarization  behavior  of  the  cathode  was 
characterized  by  two  distinct  regions  as  shown  in  Fig.  6(b).  The 
^cathode  increased  rapidly  from  0.99  V  to  2.60  V  between  240  min 
and  400  min,  and  maintained  relative  stability  for  the  rest  of  the 
time.  This  was  the  typical  characteristic  of  LSM  cathode  polarization 
behavior  which  resulted  from  the  O2  reduction  in  the  presence  of 
Fe-Cr  alloy  with  current  passage  [29,30].  The  significant  increases 


Time  /  min 


of  the  Re  and  r]  imply  that  the  Cr  poison  has  an  important  influ¬ 
ence  on  the  O2  reduction  reaction  of  LSM  cathode,  and  the  kinetic 
process  can  be  accelerated  at  the  presence  of  air  flow. 

After  the  cathode  polarization  for  1200  min,  the  LSM  cathode 
was  found  to  be  delaminated  from  the  YSZ  electrolyte  substrate, 
which  was  in  accordance  with  the  recent  researches.  Yamashita 
et  al.  [31]  studied  the  polarization  behavior  of  LSM  electrode  with 
anodic  current  treatment  of 300  mA  cm-2  at  1 000  °C,  and  found  that 


Time  /  min 


Fig.  6.  Polarization  curves  of  LSM  cathode  in  the  presence  of  Fe-Cr  alloy  as  a  function  of  time  at  400  mA  cm-2  and  750  °C  for  1200  min  in  open  air  (a)  and  with  an  air  flow  of 
100  mLmin-1  (b). 
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the  LSM  electrode  delaminated  after  current  treatment  for  600  min, 
accompanying  with  the  quick  increase  of  the  polarization  poten¬ 
tial  of  the  LSM  electrode  for  the  02  oxidation  reaction.  Jiang  et  al. 
[20]  also  found  that  the  LSM  electrode  was  completely  delaminated 
from  the  TZ3Y  electrolyte  after  cathode  polarization  for  360  min 
with  current  passage  of  200  mA  cm-2  at  900  °C  in  the  presence  of 
Fe-Cr  alloy.  The  essence  of  this  phenomenon  can  be  explained  by 
that  since  LSM  is  a  predominantly  electronic  conductor,  02  reduc¬ 
tion  reaction  will  be  enhanced  at  the  three  phase  boundary  (TPB) 
region.  The  reaction  can  weaken  the  bondage  between  the  cathode 
and  electrolyte  layer  since  Cr  deposition  in  TPB,  so  the  electrode 
layer  can  be  delaminated  from  the  TZ3Y  electrolyte  [20].  In  contrast 
to  these  researchers’  works,  we  used  reduce  operation  tempera¬ 
ture  at  750  °C,  hence  the  TPB  area  would  be  further  reduced  due  to 
decreasing  the  ionic  conductivity  of  electrode  materials.  Since  the 
oxygen  reduction  reaction  could  be  restricted  to  the  TPB  region,  the 
Cr  would  be  selectively  deposited  at  the  LSM/YSZ  interface  region. 
The  growth  of  Cr  crystal  would  result  in  the  volume  expansion  and 
gradually  separate  LSM  and  YSZ  layer,  eventually  lead  to  the  LSM 
electrode  delaminated  from  YSZ  electrolyte  layer. 


Fig.  7  shows  the  SEM  micrographs  of  the  Cr  deposition  on 
the  cathode  after  current  passage  of  400  mA cm-2  at  750  °C  for 
1200  min.  As  the  cathode  had  partially  delaminated  from  YSZ  elec¬ 
trolyte,  some  distinctive  grains  were  found  on  the  exposed  surface 
of  YSZ  in  Fig.  7(a).  When  air  flow  was  introduced,  the  cathode  had 
been  delaminated  from  the  YSZ  electrolyte  in  a  larger  region,  and  a 
lot  of  different  size  cubic  crystals  distributed  on  the  electrolyte  sur¬ 
face  in  Fig.  7(b).  Meantime,  there  was  significant  Cr  deposition  on 
the  edge  of  LSM  cathode/YSZ  electrolyte  as  shown  in  Fig.  7(c)  and 
(d).  The  shape  of  the  grains  appeared  a  shape  of  hexagonal  prism. 
After  the  cathode  was  totally  removed  by  HC1  solution,  no  tiny  grain 
existed  on  the  YSZ  surface  was  observed  in  Fig.  7(e).  Flowever,  larger 
cubic  grains  remained  on  the  sample  that  was  in  air  flow  as  shown 
in  Fig.  7(f).  This  can  be  reasonably  explained  by  the  polarization 
behavior  of  LSM  cathode  at  the  presence  of  Fe-Cr  alloy,  in  which  Cr 
deposition  blocks  the  gas  diffusion  and  causes  the  delaminating  of 
cathode  layer. 

Fig.  8  shows  the  polarization  curve  of  LSM  cathode  under  current 
passage  of 400  mA  cm-2  for  3000  min  at  the  presence  of  Fe-Cr  alloy. 
There  were  two  obviously  rapid  increases  in  the  polarization  curve. 


Fig.  7.  SEM  micrographs  of  the  Cr  deposition  on  the  cathode  in  open  air  (a,  c,  and  e)  and  with  an  air  flow  of  100  mL  min-1  (b,  d,  and  f)  at  400  mA  cm-2  and  750  °C  for  1200  min: 
(a  and  b)  LSM  surface;  (c  and  d)  the  edge  of  cathode;  (e  and  f)  the  surface  of  YSZ  under  cathode,  the  cathode  was  removed  by  HC1. 
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Fig.  8.  Polarization  curves  of  LSM  cathode  in  the  presence  of  Fe-Cr  alloy  as  a  function  of  time  at  400  mA  cm-2  and  750  °C  for  3000  min  with  air  flow  of  1 00  mL  min-1 . 


Fig.  9.  SEM  micrographs  of  the  Cr  deposition  on  the  cathode  with  an  air  flow  of  lOOmLmin-1  at  400  mA  cm-2  and  750  °C  for  3000  min:  (a)  the  surface  of  YSZ;  (b)  the  edge 
of  cathode:  (c)  the  surface  of  YSZ  under  cathode  washed  by  HC1. 


In  the  first  rise,  the  polarization  potential  Ecathode  rapidly  increased 
from  initial  1.19  V  to  2.95  V  between  240  min  and  540  min,  then 
reaching  a  potential  plateau,  in  which  ftE  increased  from  32.8  £2  cm2 
to  1 76.0  £2  cm2  corresponding  to  the  change  of  ECathode  as  shown  in 
Fig.  8(b).  This  indicates  that  the  increase  in  ECathode  is  mainly  due  to 
the  increases  of  RE  and  r],  as  the  Rq  remains  nearly  constant.  The 
essential  increase  in  £Cathode  has  been  demonstrated  as  above  which 


was  caused  by  the  delaminating  of  cathode  layer.  In  the  second 
rise,  the  FCathode  rapidly  increased  from  initial  2.94  V  to  3.95  V  after 
1380  min,  then  increased  slowly  to  4.20  V  for  rest  of  the  polarization 
time.  Different  to  that  of  first  region,  the  ftE  was  gradually  reduced 
to  48.1  ficm2  from  540  min  to  3000  min  while  the  Rq  began  to 
increase  from  540  min,  which  indicated  that  the  increase  of  Rq  was 
the  main  reason  for  increase  of  £Cathode-  Similar  trend  as  ftE  was  also 


Energy  /  KeV 


Fig.  10.  EDS  patterns  of  the  deposited  pieces  with  a  divergent  structure  on  the  LSM  electrode  surface. 
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Fig.  11.  EDS  patterns  of  the  deposited  pieces  with  a  ball  structure  on  the  LSM  electrode  surface. 


observed  in  r].  With  the  polarization  time  increase,  the  deposition 
and  growth  of  Cr  crystals  would  accelerate  the  formation  of  gaps 
between  the  LSM  and  YSZ,  resulting  in  the  irreversible  performance 
deterioration  of  the  cathode.  So  the  rapid  increase  in  £Cathode  is  most 
likely  related  to  the  formation  of  a  mass  of  Cr  deposition,  which 
inhibits  the  electron  transport  in  cathode  layer  [20,21  ]. 

Fig.  9  shows  the  SEM  micrographs  of  Cr  deposition  on  the  sur¬ 
face  of  LSM/YSZ  at  400  mA  cm-2  and  750  °C  for  3000  min  in  an  air 
flow  of  lOOmLmirr1.  With  the  increase  of  polarization  time,  the 
cathode  was  further  delaminated  under  current  polarization.  Fine 
grains  were  observed  on  the  surface  of  YSZ  electrolyte  as  shown 
in  Fig.  9(a)  and  at  the  edge  of  cathode  as  shown  in  Fig.  9(b).  The 
average  size  of  Cr  sediments  on  the  surface  of  YSZ  electrolyte  was 
ranged  from  0.1  to  0.3  |xm,  which  is  smaller  than  that  of  Cr  sedi¬ 
ments  on  the  edge  of  cathode  which  was  in  the  range  of  0.3-0.5  p,m, 
indicating  that  the  Cr  deposition  would  preferentially  occur  at  the 
cathode/electrolyte  interface.  Fig.  9(c)  shows  Cr  deposition  rings 
with  diameters  of  0.5-1  p>m  and  fine  grains  on  the  YSZ  electrolyte 
surface. 

There  were  some  congregated  Cr  depositions  with  sizes  of 
3-5  |jim  found  near  the  edge  of  cathode  after  cathode  was  totally 
removed  by  HC1  treatment.  This  is  probably  due  to  the  influence  of 
air  flow  on  the  orientation  formation  and  growth  of  Cr  sediments. 
Fig.  10  shows  Cr  sediments  with  a  divergent  structure  consisted 
of  several  strips,  which  were  detected  by  the  EDS  analysis,  indi¬ 
cating  the  formation  of  Cr203  oxides.  The  other  one  looked  like 
ball  structure  consisted  of  many  fine  particles  as  shown  in  Fig.  1 1 
which  both  Cr  and  Mn  were  detected  by  the  EDS  analysis,  indicat¬ 
ing  the  formation  of  (Cr,Mn)304  spinel  oxides.  The  TPB  region  of 
LSM  cathode/YSZ  electrolyte  has  a  distinctive  contribution  to  con¬ 
gregate  Cr  sediment  and  form  crystalline  configuration  under  air 
flow  and  current  passage. 

4.  Conclusion 

The  Cr  deposition  between  Fe-Cr  alloy  interconnect  and  LSM 
cathode  has  been  investigated  at  750  °C.  Generally,  the  Cr  deposi¬ 
tion  reaction  can  be  accelerated  under  air  flow,  and  preferentially 
occurs  on  the  boundary  of  LSM/YSZ.  The  Cr  deposition  will  cause 
the  LSM  cathode  layer  delaminated  from  YSZ  electrolyte,  and  then 
induce  significant  degradation  in  cathode  performance.  The  rapid 
magnitude  increase  of  ECathode  was  observed  on  two  stages  with 
current  passage  on  the  LSM  cathode  for  3000  min,  which  could  be 
reasonably  explained  by  two  kinds  of  mechanism  of  cathode  delam¬ 
inating  from  electrolyte  layer  and  a  mass  of  Cr  deposition  presence. 
When  the  LSM  cathode  was  removed  from  the  YSZ  electrolyte,  the 


Cr  deposition  rings  with  diameters  of  0.5-1  p,m  could  be  clearly 
observed.  Two  congregated  Cr  depositions  with  size  of  3-5  p,m 
were  also  found  near  the  edge  of  cathode.  One  divergent  structure 
consisting  of  several  strips  was  Cr203  oxides,  and  the  other  one 
ball  like  structure  consisting  of  many  fine  particles  was  likely  to  be 
(Cr,Mn)304  oxides.  The  orientation  formation  and  growth  of  Cr  sed¬ 
iments  on  the  interface  of  LSM/YSZ  is  mostly  due  to  the  mechanism 
in  three  phase  boundary  and  the  effect  of  air  flow. 
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